Attorney Docket No. 031 5-000555 
COOLING SYSTEM DESIGN SIMULATOR 

FIELD OF THE INVENTION 
[0001] The present invention relates to cooling systems, and more 
particularly to simulating performance of a cooling system. 



BACKGROUND OF THE INVENTION 
[0002] Traditional cooling systems, such as refrigeration and air- 
conditioning systems, include a compressor, a condensing unit, an expansion 
valve and an evaporator. The compressor compresses gaseous refrigerant 
exiting the evaporator and discharges the high pressure refrigerant to the 
condensing unit. The condensing unit operates as a heat exchanger enabling 
heat transfer from the gaseous refrigerant to a heat sink (e.g., air or water). The 
refrigerant condenses within the condensing unit and a state change occurs from 
gas to liquid. The liquid refrigerant exits the condensing unit and flows to the 
evaporator through the expansion valve. The evaporator also operates as a heat 
exchanger enabling heat transfer from the atmosphere surrounding the 
evaporator to the liquid refrigerant. As the heat transfer occurs, the temperature 
of the refrigerant increases until a state change occurs from liquid to gas. The 
gas refrigerant is drawn into the suction side of the compressor and the cooling 
cycle continues. 

[0003] In order to competently design a new cooling system or 
maintain an existing cooling system, the potential performance of the individual 
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components within the system need be estimated. Traditionally, system 
components are selected based on the refrigerant type and ratings provided by 
the manufacturer. However, these ratings are determined under fixed conditions 
and not actual system operational conditions. Therefore, although the rating of a 
component may suggest that it is proper for the particular cooling system, the 
actual performance of that component within the cooling system may be far less 
than optimal. 

SUMMARY OF THE INVENTION 

[0004] Accordingly, the present invention provides a method of 
computer-based simulation of a cooling system. The method includes inputting 
condenser parameters, evaporator parameters and compressor parameters for 
the cooling system. The condenser parameters, the evaporator parameters and 
the compressor parameters are processed through a model of the cooling 
system. A flow control device is selected based on an output of the model. 

[0005] In one feature, the flow control device includes one of a capillary 
tube device and an orifice device. 

[0006] In another feature, the method further includes selecting a flow 
control parameter including a sub-cooling temperature and a superheat 
temperature. 

[0007] In another feature, the step of selecting a flow control device 
includes generating a list of available flow control devices based on the output 



2 



Attorney Docket No. 0315-000555 

and selecting the flow control device from the list of available flow control 
devices. 

[0008] In another feature, the method further includes inputting 
refrigerant properties for a refrigerant flowing through the cooling system. The 
output is further based on the refrigerant properties. The refrigerant properties 
include refrigerant charge and one of refrigerant superheat temperature and 
refrigerant sub-cooling temperature. 

[0009] In another feature, the step of inputting condenser parameters 
includes generating a list of available condensers, selecting a condenser from 
the list of available condensers and automatically inputting the condenser 
parameters based on the selected condenser. 

[0010] In another feature, the step of inputting compressor parameters 
includes generating a list of available compressors based on search parameters, 
selecting a compressor from the list of available compressors and automatically 
inputting the compressor parameters based on the selected compressor. The 
search parameters include at least one of a model number, a voltage, a phase, a 
frequency, a refrigerant type, an application type and a capacity. The search 
parameters include a capacity and a capacity tolerance. 

[0011] In another feature, the method further includes inputting tubing 
and line heat transfer parameters, the output is further based on the tubing and 
line heat transfer parameters. 
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[0012] In still another feature, the method further includes inputting 
accumulator parameters. The output is further based on the accumulator 
parameters. 

[0013] In yet another feature, the condenser parameters and the 
compressor parameters are input as air-cooled condensing unit parameters. The 
method further includes generating a list of available air-cooled condensing units, 
selecting an air-cooled condensing unit from the list of available air-cooled 
condensing units and automatically inputting the air-cooled condensing unit 
parameters based on the selected air-cooled condensing unit. 

[0014] Further areas of applicability of the present invention will 
become apparent from the detailed description provided hereinafter. It should be 
understood that the detailed description and specific examples, while indicating 
the preferred embodiment of the invention, are intended for purposes of 
illustration only and are not intended to limit the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] The present invention will become more fully understood from 

the detailed description and the accompanying drawings, wherein: 

[0016] Figure 1 is a schematic illustration of an exemplary cooling 

system; 

[0017] Figure 2 is a flowchart illustrating general steps of a cooling 
system design simulator according to the present invention; 
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[0018] Figure 3 is a screen-shot illustrating software-based input of 
cooling system component information; 

[0019] Figure 4 is a screen-shot illustrating system type and operation 
mode inputs; 

[0020] Figure 5 is a screen-shot illustrating refrigerant charge inputs; 

[0021] Figure 6 is a screen-shot illustrating sub-cooling and superheat 
parameter inputs for flow control; 

[0022] Figure 7 is a screen-shot illustrating capillary tube flow control 
device inputs; 

[0023] Figure 8 is a screen-shot illustrating orifice flow control device 

inputs; 

[0024] Figure 9 is a screen-shot illustrating evaporator entering air 
temperature and air flow inputs; 

[0025] Figure 10 is a screen-shot illustrating evaporator heat 
exchanger inputs; 

[0026] Figure 11 is a screen-shot illustrating evaporator scaling factor 

inputs; 

[0027] Figure 12 is a screen-shot illustrating condenser entering 
temperature and air flow inputs; 

[0028] Figure 13 is a screen-shot illustrating condenser heat exchanger 

inputs; 

[0029] Figure 14 is a screen-shot illustrating condenser scaling factor 

inputs; 
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[0030] Figure 1 5 is a screen-shot illustrating a condenser database; 
[0031] Figure 16 is a screen-shot illustrating compressor search and 
selection inputs; 

[0032] Figure 17 is a screen-shot illustrating compressor search 
results; 

[0033] Figure 18 is a screen-shot illustrating compressor rated capacity 
values; 

[0034] Figure 19 is a screen-shot illustrating compressor rated power 
values; 

[0035] Figure 20 is a screen-shot illustrating compressor search inputs 
based on user specified capacity; 

[0036] Figure 21 is a screen-shot illustrating compressor displacement 
and EER scaling; 

[0037] Figure 22 is a screen-shot illustrating a compressor operating 
envelope; 

[0038] Figure 23 is a screen-shot illustrating re-rated compressor 
capacity; 

[0039] Figure 24 is a screen-shot illustrating cooling mode tubing and 
line heat transfer inputs; 

[0040] Figure 25 is a screen-shot illustrating heating mode tubing and 
line heat transfer inputs; 

[0041] Figure 26 is a screen-shot illustrating an accumulator database; 
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[0042] Figure 27 is a screen-shot illustrating accumulator geometry 

inputs; 

[0043] Figure 28 is a screen-shot illustrating air-cooled condensing unit 
(ACU) selection; 

[0044] Figure 29 is a screen-shot illustrating ACU selection inputs; 

[0045] Figure 30 is a screen-shot illustrating a selected ACU summary; 

[0046] Figure 31 is a screen-shot illustrating ACU components details; 

[0047] Figure 32 is a screen-shot illustrating ACU compressor capacity 
based on evaporator temperature and condensing temperature; 

[0048] Figure 33 is a screen-shot illustrating ACU compressor power 
based on evaporator temperature and condensing temperature; 

[0049] Figure 34 is a screen-shot illustrating ACU condenser details; 

[0050] Figure 35 is a screen-shot illustrating ACU key features; 

[0051] Figure 36 is a screen-shot illustrating a key feature comparison 
between ACUs; 

[0052] Figure 37 is a screen-shot illustrating ACU search results based 
on the ACU's capacity; 

[0053] Figure 38 is a screen-shot illustrating refrigerant saturated 
properties inputs; 

[0054] Figure 39 is a screen-shot illustrating refrigerant superheated 
properties inputs; 

[0055] Figure 40 is a screen-shot illustrating refrigerant liquid 
properties inputs; 
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[0056] Figure 41 is a screen-shot illustrating key simulation inputs; 
[0057] Figure 42 is a screen-shot illustrating simulation results in 
graphical format; 

[0058] Figure 43 is a screen-shot illustrating flow control sizes 
selection; 

[0059] Figure 44 is a screen-shot illustrating sizes of flow control 
devices based on the simulation results; 

[0060] Figure 45 is a screen-shot illustrating thermal expansion valve 
(TXV) selection based on the simulation results; 

[0061] Figure 46 is a screen-shot illustrating a psychrometric 
calculator used to calculate moist air properties; 

[0062] Figure 47 is a screen shot illustrating a psychrometric chart 
graphically displaying moist air properti; and 

[0063] Figure 48 is a screen-shot illustrating manufacturer engineering 
bulletins provided by the cooling system design simulator. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0064] The following description of the preferred embodiments is 

merely exemplary in nature and is in no way intended to limit the invention, its 

application, or uses. 

[0065] Referring now to Figure 1, a generic cooling system 10 includes 

a compressor 12, a condenser 14, an expansion valve 16 and an evaporator 18. 

The compressor 12 is controlled by a controller 20 and compresses gaseous 
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refrigerant exiting the evaporator 18. The compressor 12 discharges the high 
pressure refrigerant to the condenser 14. The condenser 14 operates as a heat 
exchanger enabling heat transfer (Qi) from the gaseous refrigerant to a heat sink 
(e.g. air or water). The refrigerant condenses within the condenser 14 and a state 
change occurs from gas to liquid. The liquid refrigerant exits the condenser 14 
and flows to the evaporator 18 through the expansion valve 16. The evaporator 
18 also operates as a heat exchanger enabling heat transfer (Q 2 ) from the 
atmosphere surrounding the evaporator 18 to the liquid refrigerant. As the heat 
transfer occurs, the temperature of the refrigerant increases until a state change 
occurs from liquid to gas. The gas refrigerant is drawn into the suction side of the 
compressor 12 and the cooling cycle continues. 

[0066] The cooling system design simulator includes a series of sub- 
routines to determine the performance of the individual components of exemplary 
cooling systems and the cooling system 10 as a whole. More particularly, the 
design simulator performs steady-state design and analysis of vapor 
compression air-to-air-systems operating in either heating and cooling modes. A 
cooling system model is based on underlying physical principles and generalized 
correlations to avoid the limitations of empirical correlations derived from 
manufacturer specifications. As a hardware-based model, a user can specify the 
individual component parameters and define the geometry of tubing connecting 
the cooling system components. The design simulator is preferably provided as 
a software-based computer program. More specifically, the design simulator is 
preferably a Windows interface that is functionality integrated in the software to 
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enable quick cooling system design. Other complimentary functions are 
integrated to streamline design efforts. These include, but are not limited to look- 
up tables for refrigerant and psychrometric properties of air. 

[0067] Referring now to Figure 2, a flowchart illustrates the general 
steps of the cooling system design simulator. In step 100, the user selects the 
operating mode of the cooling system (i.e., cooling or heating). In step 102, the 
user specifies the refrigerant charge. The user selects the flow control in step 
104. In step 106, the user inputs evaporator data and determines whether the 
cooling system includes an air-cooled condensing unit (ACU) in step 108. If the 
cooling system does include an ACU, the simulator continues in step 110. If the 
cooling system does not include an ACU, the simulator continues in step 112. 

[0068] In step 110, the user inputs the ACU data. In step 112, the user 
inputs compressor data and the user inputs condenser data in step 114. In step 
116, the user inputs tubing and line heat transfer data for the plumbing between 
components of the cooling system. In step 1 1 8, the user determines whether the 
cooling system includes an accumulator. If the cooling system does include an 
accumulator, the simulator continues in step 120. If the cooling system does not 
include an accumulator, the simulator continues in step 122. In step 120, the 
user inputs accumulator data. In step 122, the user inputs refrigerant properties. 
In step 124, the user runs the simulation based on the input data and simulation 
ends. 

[0069] Referring now to Figures 3 through 45, the cooling system 
design simulator will be described in further detail. Figures 3 through 45 
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generally provide screen-shots of a software-based implementation of the cooling 
system design simulator. More particularly, Figure 3 is a screen-shot illustrating 
a generic cooling system schematic. As similarly described above with reference 
to Figure 1, the cooling system schematic includes a condenser, a flow control 
device, an evaporator and a compressor. The cooling system can be simulated 
in either a cooling mode or a heating mode. The user selects the operating 
mode by clicking on Inputs in the toolbar and selecting the System Type and 
Operation Mode option. Figure 4 illustrates a screen-shot of a system type and 
mode screen. The user can select between an A/C system operating in 
respective cooling and heating modes or a refrigeration system operating in a 
cooling mode. The user can also enter a simulation title and notes. 

[0070] The user can specify the refrigerant charge for the cooling 
system or have the simulator calculate the refrigerant charge from the other 
system parameters. The user can input the refrigerant charge data by clicking on 
Inputs in the toolbar and selecting the Specify Refrigerant Charge and Edit Inputs 
option. Figures 5 illustrates a screen-shot of the refrigerant charge menu. The 
user can input the refrigerant charge in lbs and either the sub-cooling 
temperature (°F) at the condenser discharge or the superheat temperature (°F) at 
the compressor inlet. 

[0071] The simulator enables the user to select between flow control 
device options. The options include capillary tube and orifice. Alternatively, the 
user can specify flow control parameters including the condenser discharge sub- 
cooling temperature (°F) and the compressor inlet superheat temperature (°F). 
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The simulator calculates the equivalent Thermal Expansion Valve (TXV), 
capillary tube and orifice sizes to achieve these conditions, as described in 
further detail below. The flow control is selected by clicking on Inputs in the 
toolbar and choosing the Flow Control menu or by clicking on the flow control 
illustration. 

[0072] Figure 6 provides a screen-shot of the Flow Control Devices 
screen with the sub-cooling/superheat parameters option selected. The user 
inputs the sub-cooling and superheat temperatures. Figure 7 provides a screen- 
shot of the Flow Control Devices screen with the capillary tube device selected. 
The user inputs the superheat temperature, number of parallel capillary tubes, 
inside diameter of the capillary tube(s) and the length of the capillary tube(s). 
Figure 8 provides a screen-shot of the Flow Control Devices screen with the 
orifice device selected. The user inputs the superheat temperature, the number 
of parallel short tube orifices, the inside diameter of the short tube orifice(s) and 
the length of the short tube orifice(s). 

[0073] The data for the evaporator is entered by opening the 
evaporator screen. The user can access this screen by either choosing Inputs 
on the toolbar and the Evaporator option or by clicking on the evaporator image. 
The evaporator requires several inputs that are grouped into three categories: (i) 
entering air condition (dry bulb and wet bulb temperature) and air flow rate / fan 
power, (ii) heat exchanger physical properties and (iii) scaling factors to adjust 
simulation results to match with measured system performance data. Expert tips 
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are included on each input screen to help the user streamline their design efforts. 
The expert tips are accessed by choosing the icon with question mark. 

[0074] Figure 9 provides a screen-shot of an Entering Air and Fan input 
screen. The user inputs the entering air information including the dry bulb 
temperature (°F) and the wet bulb temperature (°F). The user also inputs the fan 
information including the air flow rate (Ft 3 /Min) and power input (Watts). 

[0075] Figure 10 provides a screen-shot of a Heat Exchanger input 
screen. The user inputs geometry information including frontal area (Ft 2 ), 
number of rows, number of equivalent, parallel refrigerant circuits, horizontal tube 
spacing, vertical tube spacing and number of return bends. The geometry 
information further includes fin density, outside diameter of tubing, inside 
diameter of tubing, tubing type (e.g., smooth, rifled) and fin type (e.g., smooth, 
wavy, louvered). 

[0076] Figure 11 provides a screen-shot of a Scaling Factors input 
screen. The scaling factors are divided into air side and refrigerant side groups. 
The air side group includes heat transfer and pressure drop scaling factors. The 
refrigerant side group also includes heat transfer and pressure drop scaling 
factors. The scaling factors enable the user to adjust the simulation results to 
match measured system performance. 

[0077] The data for the condenser is entered by opening the condenser 
screen. The user accesses this screen either by choosing Inputs on the toolbar 
and the Condenser menu or by clicking on the condenser image on the main 
screen. This opens a condenser dialog screen, which is illustrated in Figure 12. 
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Initially, the user inputs entering air temperature data and fan parameters. The 
entering air temperature data includes dry bulb temperature (°F) and wet bulb 
temperature (°F). The fan parameters include air flow rate (ft 3 /min) and power 
input (Watts). 

[0078] Figure 13 provides a screen-shot of a Condenser Heat 
Exchanger input screen. The user inputs geometry information including frontal 
area (Ft 2 ), number of rows, number of equivalent parallel refrigerant circuits, 
horizontal tube spacing, vertical tube spacing and number of return bends. The 
geometry information further includes fin density, outside diameter of tubing, 
inside diameter of tubing, tubing type (e.g., smooth, rifled) and fin type (e.g., 
smooth, wavy, louvered). 

[0079] Figure 14 provides a screen-shot of a condenser Scaling 
Factors input screen. The scaling factors are divided into air side and refrigerant 
side groups. The air side group includes heat transfer and pressure drop scaling 
factors. The refrigerant side group also includes heat transfer and pressure drop 
scaling factors. The scaling factors enable the user to adjust the simulation 
results to match laboratory measured system performance. 

[0080] Referring now to Figure 15, the user can select a specific 
condenser from a list of available models. The user accesses a database by 
clicking on the Show Refrigeration Condenser List button on the bottom right 
corner of Heat Exchanger input screen. A table with condenser information 
appears. The user scrolls through the condenser list to find the condenser model 
that meets system requirements. The condenser list is initially ordered by 
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condenser part number. The user can re-order the condenser list by another 
parameter by clicking on that parameter in the top row of condenser list. 
Condenser geometry parameters are automatically entered in the appropriate 
fields of the Condenser screen when user selects a condenser by double clicking 
on the condenser part number. An engineering drawing of a particular 
condenser (no shown) is provided at the users request. 

[0081] Referring now to Figure 16, the user can access a database of 
manufacturer's compressors (both air-conditioning and refrigeration compressors 
models). The user can search and view the details of all available compressors. 
The compressor details include compressor type (e.g., semi-hermetic, hermetic, 
scroll, etc.), application type (e.g., refrigeration and air-conditioning), temperature 
range (e.g., air-conditioning, medium temp, high temp., etc.), voltage, frequency, 
capacity, power, amps, compressor operating envelope and re-rating of 
compressor performance to a user specified condition. The compressor 
selection screen is accessed either by choosing Inputs from the toolbar and 
Compressor menu or by clicking on the compressor image in the main screen. 

[0082] Referring now to Figure 17, the compressor database can be 
searched by entering a known compressor model in the Model Name field and 
clicking the Search button. The model name can be complete or partial. For 
example, if the user enters the model name as ZR34K3-PFV and Refrigerant R- 
22, the search is very specific and only the ZR34K3-PFV compressor will show 
up in the search result. However, if the user enters the model name as ZR, all 
the models starting with ZR will appear in the compressor result list. The search 
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settings and the results include compressor model (e.g., ZR34K3), voltage, 
phase and frequency, application (e.g., air-conditioning), product type (e.g., 
scroll), capacity, power and energy efficiency ratio (EER) at a specified rating 
point (e.g., 45°F Evaporator, 130°F Condenser), record date and tested condition 
(e.g., return gas temperature/superheat and subcooling). Capacity, power and 
current (amp) data over the entire operating range of the compressor are shown 
in the Rated Capacity, Rated Power and Current tabs, Figures 18 and 19, 
respectively, once a compressor model is selected from the generated 
compressor list. 

[0083] Referring now to Figure 20, the user can search the compressor 
database based on a specified capacity range. The user enters a capacity and 
specifies a capacity tolerance (±5% to ±50%), refrigerant, application and product 
type and clicks on the Search button. For example, if the user enters the 
capacity as 34,000 Btu/hr with a capacity tolerance of -10% to +10%, 45°F 
evaporator temperature, 130°F condensing temperature, application type as air- 
conditioning, product type as scroll and refrigerant as R-22 the search lists 
several corresponding compressor models. Capacity, power and current 
information are displayed when the user selects a particular compressor model 
from the compressor list. Compressor models that are obsolete are highlighted. 

[0084] Referring now to Figure 21, the user is also able to scale 
compressor displacement, Energy Efficiency Ratio (EER) or both compressor 
displacement and EER. With respect to displacement, scaling is provided for 
50Hz and 60Hz. For example, if the user starts with the 60Hz compressor 



16 



Attorney Docket No. 0315-000555 

capacity and power data, 50Hz performance data is derived by applying the ratio 
of 0.83 to the displacement of the given compressor. This feature may be 
accessed by selecting the Rated Capacity or Rated Power tabs, checking the 
Scale Performance option and the Displacement option in the Selection box. 
The user inputs a scaling factor in the Displacement section. Removing the 
check mark from the Scale Performance box resets the data to its original state. 

[0085] EER scaling enables the user to alter the power of the 
compressor without changing the capacity. EER scaling is accessed by opening 
the Rated Capacity or Rated Power tabs, checking the Scale Performance box 
and selecting the EER option in the Selection box. The user inputs the scaling 
factor in the EER box. Removing the check mark from Scale Performance box 
resets the data to its original state. 

[0086] Scaling both displacement and EER enables the user to 
simultaneously scale both the capacity and the power of the compressor. 
Scaling both displacement and EER is accessed by opening the Rated Capacity 
or Rated Power tabs, checking the Scale Performance box and selecting Both in 
the Selection box. The user inputs scaling factors for both Displacement and 
EER in their respective boxes. Removing the check mark from Scale 
Performance box resets the data to its original state. 

[0087] Referring now to Figure 22, the user can perform a compressor 
envelope check on the capacity, power and current (amp) data. This procedure 
automatically deletes any performance data that falls outside the boundaries of 
the compressor operating envelope. The operating envelope check is activated 
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by choosing the Apply Envelope Check button in the Rated Capacity, Rated 
Power or Rated Current tabs. This feature may also be accessed by choosing 
the Operating Envelope icon located in the top left hand corner of the Rated 
Capacity, Rated Power and Rated Current tabs. A graphical view of the 
operating envelope of the selected compressor is provided. Figure 22 illustrates 
an exemplary compressor operating envelope with the user selected operating 
condition of 45°F / 120°F (evaporator temperature/condenser temperature) 
marked with a dot. 

[0088] Referring now to Figure 23, the compressor performance data 
shown in the Rated Capacity, Rated Power, Rated Current tabs are the 
performance at the compressors rated condition. The user can re-rate the 
compressor performance data at a condition other than the rated condition. 
Compressor re-rating can be performed over the entire operating range or on a 
single operating point (i.e. at a user specified condensing and evaporator 
temperature) of the compressor. The user is notified if an operating point outside 
the compressor operating envelope is entered. 

[0089] To re-rate performance for the entire operating range the user 
selects the Re-Rated Capacity or Re-Rated Power tabs and selects the Matrix 
option. The user enters new operating conditions in the Re-Rated Conditions 
section, including return gas temperature, constant superheat and sub-cooling 
temperatures. The user may also check the re-rated conditions against the 
compressor operating envelope by selecting the Re-Rate With Envelope Check 
box. The user presses the Re-Rate button to view the re-rated performance. 
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[0090] The cooling system design simulator also simulates the system 
design based on tubing and line heat transfer data. The tubing and line heat 
transfer data is entered by opening the Connecting Tubing and Line Heat 
Transfer screen. The user accesses this screen either by choosing Inputs from 
the toolbar and the Tubing and Line Heat Transfer menu or by clicking on the 
tubing and line images on the main screen. 

[0091] Referring now to Figures 24 and 25, the tubing and line heat 
transfer data requires several inputs. The inputs required are operation mode 
dependent. In other words, the inputs vary between heating and cooling modes. 
The required inputs are grouped in categories that include inside tubing diameter, 
equivalent tubing lengths and shell heat loss rate factor and line heat transfer. 

[0092] In the cooling mode (Figure 24), the inside tubing diameter 
group includes liquid line, vapor line from evaporator to compressor and 
discharge line from compressor to condenser. The equivalent tubing length 
group includes liquid line, vapor line from evaporator to compressor and 
discharge line from compressor to condenser. The shell loss and heat transfer 
group includes compressor shell heat loss rate factor, heat loss rate in 
compressor discharge line, heat gain in compressor suction line and heat loss 
rate in liquid line. The compressor shell heat loss rate is defined as the fraction 
of the compressor power input into the system. 

[0093] In the heating mode (Figure 25), the inside tubing diameter 
group includes liquid line, vapor line from reversing valve to condenser, vapor 
line from reversing valve to evaporator, suction line from reversing valve to 
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compressor and discharge line from compressor to reversing valve. The 
equivalent tubing length group includes liquid line, vapor line from reversing valve 
to condenser, vapor line from reversing valve to evaporator, suction line from 
reversing valve to compressor and discharge line from compressor to reversing 
valve. The shell loss and heat transfer group includes compressor shell heat 
loss rate factor, heat loss rate in compressor discharge line, heat gain in 
compressor suction line and heat loss rate in liquid line. 

[0094] Referring now to Figures 26 and 27, the user can add an 
accumulator to the cooling system simulation. To add an accumulator, the user 
selects the Accumulator under the Options menu in the main screen. An 
Accumulator image appears in the main screen between the evaporator and the 
compressor. To remove the accumulator, unselect the Accumulator under the 
Options menu. 

[0095] The user can input the accumulator configuration parameters 
including shell, J-tube and compressor. The shell parameters include internal 
height and internal diameter. The J-tube parameters include internal diameter, 
oil return hole lower diameter, oil return hole upper diameter and spacing 
between oil return holes. The compressor parameters include estimated free 
internal volume. 

[0096] The user can select an accumulator from an accumulator 
database, which automatically inputs the configuration parameters. By clicking 
on the Show Accumulator List button, the user is able to browse the database of 
available accumulators. The database is initially ordered by part number (P/N) 
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field. The user can re-order the list by clicking the desired parameter on the top 
row (header row). An accumulator is selected from the list by double clicking on 
the desired accumulator P/N. 

[0097] Referring now to Figures 28 to 34, the system design simulator 
enables the user to design a system including an air-cooled condensing unit 
(ACU). The user can include an ACU by clicking on Condensing Unit under the 
Options menu in the main screen. The cooling system graphic is altered to 
illustrate the ACU (i.e., combined compressor and condenser). 

[0098] With particular reference to Figure 29, the user can select an 
available ACU from an ACU database. A search tool is provided so that the user 
can quickly search and view the details of the available ACU's that meet the 
design need. The ACU selection screen shows a variety of search criteria 
available for finding the proper ACU. The search criteria can be a single or a 
combination of parameters. The search criteria include refrigerant type, 
temperature range, frequency, phase, voltage, ranges of physical dimensions 
(i.e., length, width, height), nominal horsepower (Hp) or capacity. 

[0099] The search is initiated by choosing the Search button and the 
result yields a list of ACU's matching the user specified criteria. An ACU is 
selected by double clicking the model. The Component Details tab provides 
pertinent information about the selected ACU. The Compressor tab under 
Components Detail shows the compressor performance (capacity and power) 
(see Figures 32 and 33). The Condenser tab illustrates condenser geometry and 
the Accumulator tab provides accumulator geometry (see Figure 34). 
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Accumulator details are provided only if the particular ACU is equipped with an 
accumulator. The Condenser tab enables the user to enter inputs for the 
entering air condition. The user can view a reference drawing of the ACU 
illustrating the component layout. As illustrated in Figure 31 , the user can view 
the details of the selected ACU by clicking on the ACU tab (e.g. C3AH-0303- 
TAC-001). 

[0100] Referring now to Figures 35 and 36, the system design 
simulator identifies the key features of the selected ACU. The key features can 
include shut-off valves, receiver, accumulator, pressure controls and the like. 
The key features do not impact the ACU's thermal performance but are provided 
to enhance the ACU's functionality. The user can view the ACU's key features 
by moving the mouse over the lower half of the screen. The check mark against 
shows the key items included in the feature list for the selected ACU. The key 
features available may vary with the ACU model line. However, the thermal 
performance of both units is same as long as the first nine characters of the 
model and the operating frequency of the units are same. As illustrated in Figure 
36, the user can compare key features of multiple ACU's. 

[0101] Referring now to Figure 37, the ACU search results can be 
displayed either in an explorer tree by selecting Explorer Tree in the Results In 
field or in a Spread Sheet format (see Figure 29) by selecting Spread Sheet. The 
user selected format preference for display will remain in-force until the user 
changes the display format. It should be noted, however, that the search criteria 
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for both formats are identical. The ACU model ACU line (C, F, etc), unit's 
electrical, capacity (Hp) are color coded to assist user navigation. 

[0102] Referring now to Figures 38 through 40, the system design 
simulator provides the thermodynamic properties of refrigerants including 
saturated properties, superheated properties and liquid properties. The 
refrigerants include, but are not limited to, R-12, R-22, R-502, R-134a, R-404A, 
R-507 and R-410A. The saturation pressure can be determined based on 
temperature by choosing the Saturated Tab and entering the temperature (see 
Figure 38). The corresponding saturation pressure is given by clicking on the 
Calculate button. The saturation temperature can similarly be determined based 
on pressure. 

[0103] The vapor properties can be determined by clicking on the 
Vapor Properties tab and inputting pressure and temperature (see Figure 39). 
The properties including specific volume, enthalpy and entropy are provided by 
clicking on the Calculate button. The enthalpy can be determined based on the 
pressure and entropy by clicking on the corresponding Calculate button. The 
liquid properties are determined by clicking on the Liquid Properties tab and 
inputting temperature (see Figure 40). The properties including density, specific 
volume, enthalpy and latent heat vapor are provided by clicking on the Calculate 
button. 

[0104] Referring now to Figures 41 and 42, after having configured the 
cooling system, the design simulator is run by choosing the Run option on the 
menu bar and clicking Run Model. The design simulator can also be run by 
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clicking the Run icon on the toolbar. The results are provided in tabular and 
graphical formats. More particularly, a summary table is provided, listing the key 
system inputs and the parameters for the individual components (see Figure 41). 
Alternatively, a graphical illustration of the cooling system is shown with the 
corresponding parameters listed adjacent to images of the individual components 
(see Figure 42). The results can be printed by choosing the File menu, Print and 
Outputs options from the main screen or by clicking on the Print icon. 
Additionally, the results can be saved to an electronic file by choosing the File 
menu, Save option or by clicking on the Save icon. 

[0105] The overall system parameters include mode, system capacity, 
compressor power, evaporator fan power, condenser fan power, total power, 
system EER, sensible heat ratio, compressor model number, refrigerant and 
refrigerant charge. The condenser air flow parameters include inlet air 
temperature, air flow rate and outlet air temperature. The condenser inlet 
refrigerant parameters include pressure, temperature, saturation temperature 
and enthalpy. The condenser outlet refrigerant properties include pressure 
temperature, saturation temperature and sub-cooling temperature. The flow 
control inlet refrigerant properties include pressure, temperature, saturation 
temperature and sub-cooling temperature. 

[0106] The evaporator air flow properties include inlet air temperature, 
air flow rate and outlet air temperature. The evaporator inlet refrigerant 
parameters include pressure, temperature, enthalpy and refrigerant flow rate. 
The evaporator outlet refrigerant parameters include pressure, temperature, 
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saturation temperature, enthalpy and superheat temperature. The compressor 
suction refrigerant parameters include pressure, temperature, saturation 
temperature, enthalpy and superheat temperature. The compressor discharge 
refrigerant properties include pressure, temperature, saturation temperature and 
enthalpy. 

[0107] Referring now to Figures 43 through 45, the cooling system 
design simulator enables the user to view flow control device sizing based on the 
simulation results. To view the calculated flow control sizes the user selects 
View menu and Flow Control Sizes option from the main screen after running the 
system simulation. This capability is available only when the sub-cooling and 
compressor superheat option is selected as the flow control devices option. An 
exemplary flow control sizes screen with thermal expansion valve (TXV), 
capillary tube and orifice sizing parameters is illustrated in Figure 44. 

[0108] The cooling system design simulator enables a user to select a 
TXV based on the simulation results. This function is chosen by clicking on the 
Flow Controls TXV Selection button (see Figure 44). The flow control TXV 
selection screen is shown in Figure 45. Selection parameters including 
refrigerant, percent bleed, evaporator, condensing, liquid temperature, and 
system capacity are automatically entered based on the results of the system 
simulation. A provision has been provided so that the user may directly enter the 
required data for selecting TXV without running the system simulation. The user 
may enter other selection criteria such as valve type series, connection type, 
strainer, distributor type and valve loading range. A list of the available TXV's 
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corresponding to the selection inputs is provided and include the capacity, 
percent loading, port type and recommended application. Additionally, a digital 
picture of the recommended TXV (not shown) is provided. 

[0109] Referring now to Figure 46, the cooling system design simulator 
provides a psychrometric calculator to calculate moist air properties. The user 
clicks on the Psychrometric Calculator option under Tools in the main menu. The 
inputs to the psychrometric calculator include altitude above sea level (ft), dry 
bulb temperature (°F) and one of a plurality of air property inputs. The plurality of 
air property inputs include wet bulb temperature (°F), relative humidity (%), 
humidity ratio (grains/lb), specific volume (ft 3 /lb), enthalpy (Btu/lb) and dew point 
temperature (°F). The psychrometric calculator calculates the remaining air 
properties and calculates further air properties including density (lbs/ft 3 ), vapor 
pressure (in Hg) and absolute humidity (grains/ft 3 ). The air properties are 
automatically transferred 

[0110] Referring now to Figure 47, the moist air properties can also be 
determined using a psychrometric chart provided by the cooling system design 
simulator. The user clicks on the Psychrometric Chart option under Tools in the 
main menu. The inputs include minimum dry bulb temperature (°F) and 
maximum dry bulb temperature (°F). The cooling system design simulator 
generates the psychrometric chart based on the inputs. On the left hand side of 
the chart, a column provides values for dry bulb temperature (DB), wet bulb 
temperature (WB), relative humidity (RH), humidity ratio (W), specific volume (v), 
enthalpy (h), dew point temperature (DP), density (d), vapor pressure (vp), 
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absolute humidity (AW), parts per million by weight (ppmW) and parts per million 
by volume (ppmV). More specifically, as the user drags the pointer across the 
chart, the air properties listed in the left hand column change based on the 
coordinates of the pointer on the chart. Therefore, the user can select a desired 
chart coordinate by moving the pointer to that coordinate on the chart and read 
the air property values from the left hand column. The user can zoom in by 
double-clicking on the chart. 

[0111] Referring now to Figure 48, the cooling system design simulator 
further provides manufacturer engineering bulletins that are periodically updated. 
The engineering bulletins are selected by clicking the AE Bulletins option under 
Help in the main menu. The user can select from various contents including, but 
not limited to, compressors, motors, accessories, recommendations, installation 
and the like. A corresponding bulletin is displayed on the left half of the screen 
by clicking on the desired topic. In this manner, the user is continuously updated 
on engineering considerations when designing the cooling system. These 
bulletins provide helpful information to assist engineers and installers in selection 
and installation of cooling system components. 

[0112] The cooling system design simulator simulates the performance 
of the individual components of a user-defined cooling system and the cooling 
system as a whole. The design simulator performs steady-state design and 
analysis of vapor compression air-to-air-systems operating in either heating and 
cooling modes. As a hardware-based model, a user can specify the individual 
component parameters and define the geometry of tubing connecting the system 
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components. The design simulator is preferably provided as a software-based 
computer program and includes other complimentary functions. These include, 
but are not limited to, look-up tables for refrigerant and psychrometric properties 
of air. 

[0113] The description of the invention is merely exemplary in nature 
and, thus, variations that do not depart from the gist of the invention are intended 
to be within the scope of the invention. Such variations are not to be regarded as 
a departure from the spirit and scope of the invention. 
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